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witi-z>yyx-?wmw.. 
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mmx'mmti$>vy4z.vj-y7$m. Tv^y? 
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cr>±n'&ittitm%ZtLX^&. ttz-UX'l*. i7f> 
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[0003] icpti. ±t Lxryy-i-mmmiiv 
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ZtTMWlt. ECR (Electron Cyclotron Resonance) 
mm. -?4?n%.7yX~?mLmM. ?^4nyRI 

Emmi it^xmmmm^itmm^mx'h m\,zn i 
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&mmz&&-tz ztx'$>&. 
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iftmmmix o t-tmm] ±is i c p mwz? 
yx^mmzmi-&±.x*te. &.Tco£?%mm& 

( i > TyTi-mmzm-t$>7yx~?®mmmiE 

I CP<7)mK-ftmmTlzi5\^X. 7yX-?®mcr>ftifj 
(4. 9\-m^5-lt>tL&n®.R. tZb-hTyy-i-lzX 
^Xft^hWmnftWz^mLtzBlztch. T 
yy-y-nmmt IXU. (Single Design ) flitO 

Tyy-i~tf~mzft\^totix^hti\ zcomcoryr-i- 
xuTyTT&m<7)nm%<7)frtf%i<%z>tz#>. ryy- 
i-cmmz®<mitz7yx^®mmcomttittfm 

Z^Xlto. 

[0005] ( 2 ) nmngmmmiE itmm 
y° y x~?<F>mimm±.whtz#) iz^m%n%&mm 
WL*±.Wht. ^.-mWyryy-y-X'^ryy-y-Ay^ 
-yywm, hh^tTyy-y-x'^tihwrnn 
^mmmmtmz^ ztuznix. tv^a 
>v-yy*co±mni&tzMz7yTi-mm§t 
zztte. 7yx-?^±umtt^m-n^ix'hh. 
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•t, u->x, ±ie ( i ) . ( 2 ) mM&tfM&zti* 



(3) 



WRH 1 1 0-74597 



[0006] ( 3 ) 7>Ti-<m&®%m%offlm 
%-mmco7VTi-x°\mftwm&<<z x^xryri- 

mmtmmx-m^m i>mrtz>£o%m%) 

W&TX'fo&XyX^zjWttm (Wffi<01E%bnRcr> 

jt#i o o ommz&m^iEJ xytnTfr^ffi®. 
ztix^&tztb, nftiztttmm mfr&mmzm 
mmm%) #n$ro, Mt&Tmmwim 3. 5 6m 
h zmnimm^mmknmi. m^xyizmmw. 
x-wm-r hwfazmmx°% -rmco^ittmbm^ 

"sitgT'*> 4 . mi L <7)frtfm%-t l zB.mi l zKj&ix&s 

[ooo7] x ozms. ryTi-ifWhmm^T 

yf-i-aj /ngt*f Ltfffniili'»^^\ Ty 

r-t-^jjumizttixmmznmix^&kt&k. m 
t mft^wmiznm Lxry^i-kry xwmvm 
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4#i£o— Ty J r+b7yX'?0)fS£7T ! ?T- 
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#<0«*£ifc4>U T^XvtttLT^IKx*^ 

[0009] JjLh. I C P £Rfti-4Rltf>RHa&£ifflH 
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b-fhhnX'hh. L36»L**»4>, z\<F>7yX-?wm. 
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[0010] ±f2<7)fBSI£8?&-f 4£#>K& 

^<D|8]ffl#£ 1 4 £ i: & < . t T , HMNX 

ryxwxnmt. ^-it^mb itzxyx^im 
mzmt&zbzmbti. 

[00 11] 

&mmzm%&mm-?>zb x-ryx^m.^ 
hyyx^mm.. ttth?yx~?mLmmz&^ 
x. mtryxv&mmfi. mmm^ma-^xxj-v 
him%ft±.mmzBf8.it:xvvh7yT7~b. m 

XUyh7yTTl,Zl&nZftOftffl$tMM. &rt&z 

b*mib-r&i><DX'bz. 

[ o o i 2 ] m^2\iztim<n7yxv%£gm. 

xo'yhryft^ mttTyTi-bcvmnmMRoM 
ttmmmixmtztix^izbzimb-timx' 

$>4 o 

[0013] ^mcDmsmizzmwryxvwm 
sn. miz£Mzmi7yx-?m^xmm<m 
miffo rzibcomm t , KKsasw t«ra^x * 

x^^^st. mummmmmnEMzmmz 
m&m&t&rjxvwmmtztsivz. miry 
xvm&fstjfi. wm&wfrthxu y b zi%m±. 
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Ti-tzwtifTiismwtM. ZG-t&zbmmb? 
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mi 0] i9PmP8£iitT«£^yA-l |*)#ffcPa~&W 

H sM -0 —(13) PMiKtSMl5*i*fllJRi: ! flrorv^. Jtffif-r 

[ 0 0 2 2 ] ilf-^ryft^. ClfifcJ: oT 0 . IfftyA- 1 fi-crn-fe*Byi*T-S''l i <o 

( 4 ) , ( 5 ) a+tf>at3jmjifcji& as (ss > smrrsfeA^^-^^HHS i 2^ 

CAS w>fc*f U xo >y b ryf-^<0«^, S*§J2, [0027] Xffif-v 1 <0±»fcU:#xl*An 1 

( 9 ) , (10) i 3 £ s M 3 *8j&*5t < , 3 jWft*t&*U 14.15 £ffi*.fc#*#A<& 1 

c p -eraser x^&7>T+t77 xwnmmz mmtix^i, zix. zcoo t t?xmu2frt> 

[0 0 2 3] 4fc, Xn.ybTyfteMV^, X 0 2 tf^tfSASflSaMte&oTV^. 1fX 

o>y MHpo»oat« (rapofis. bhpbfix. mn mtmi emwm^-ntfxmmi 7mwtz 

mm) izx^xwmmimz&i-fct&zkm ti, zti*MixM&+<*yj*- 1 m^-vt&tztb 
mztztb. ryx~?®m<7)&}-ftwmthzktm% mm^ 2 *f*mm\%ti%> ± o c& o-c ias . 

0 , *>o. r^XvcoAPg^tc t^fE^fg^ [ 0 0 2 8 ] £ fc, HSf-v VA- 1 0±»fc:li, *S 

4. f-^>-A'-irt^m^^StL-C7°7X7P$ri)^ 
[0024] £e6c9X a7h7yft4 #SS$ fit V % 

i ~n 5 t«Hursiwt* . ia i it^mmcomm^r 1 8±teKttfc*ifc#f«R 1 9 citssccoxo >y h 2 0 , 

yxv>mmuconm*tmx%'>x , mmzit, 20. -tf#Et,z&.m-f&£oizBf&ztLX^&. *m 

¥m#r'V x<n$mrv3±x*x'\si/x b®£iz&m wsmmvte* y v 2 0 iDKtt<o#^s w 

■r* 1 c P7 «rsvmwm\x-hh. m*mum <omxn%< , $<osor±#3S#o n^wi^r 

Sf-rWl- . 2(i0 2 ttflfl^Rfc^-CV^. Z\<wm<nxuv YTVTl-\i. 

7>t* {ryX^mjm.) , 5tiRF&iI& (ffiffl #xo-y h 2 0<artMfcfc£6rt{BJ2S#2 1 t^ffll 

7'7X-?mi^®) s Wli^^xA (£ ?MU#ft 2 2 «0**lW2fe«j£2 3 , 2 4# 

[0 0 2 5] mifcm-tko^ *77X~?mm& [0029] 05 UK ( b ) fc^rfj: 3 JrOil 

K^f-v yA- 1 ( m<n&1}immmX£& ixu >y h 7 y-f^A s a. trf OEL^ #-^ryf 

*) , o 2 #*ffiteS2 (^'x#t^#g) . ^n«yhr -t-a d kfflm&*ftr>ti*>. zcDXomimx^ 

Vt-1-4 WXvmgm > RF&JSHB5 (Kffl* 4. IfW&LyJX-nsTyTi-A,, It. r 2 o 

mi®, 7"5x^j84#«) ^fe^riT-^x^a^Ktft PXkvTyTi-tfmnzmxmmi. tn&mtt 

%a,x^i. \Hzmmix ztit>cr>yj x-jw 0 % i^wt-m 

[0026] smmviMmm, rmmmp^t turyftj k%&ztih. munnx-ivry 

n^*y*-i<nTmzmmnswwLWt>ix. m% Ti-nxijj yf-yyxzz^ . jf miwx-fr 

□8(cif ^9t«ifct»«* 1 o^L-csts^ T>T+<n\i}4 yv-yyxzz n kit:$f, mm 

73tfWMZtlX^&. tlx* *&#y730>ftmz 

Z D2 = 4Z D1 (14) 

kv^HflbW^ii*. Ltztf^X. VrVmixa-y h 1j»«$:3 0 0MHz mi. iS«A%l (m) fc 

ryr^JBffttP««fc:^-f^--^Ty'r^«»W* < =5:4. Tyf-t-JtfcttJI^Jfcl/A-O. 1, 

fdffl-c^s. ryTi-Mkryy-i-m^iti /a=60^ ^ 
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Z D1 = 1 0- j 5 50 (£2) (15) 

J;ot, iff 0 £ X->V7yT~)-<7)\j)4 y^-^yxz^M, 

Z D2 = 4Z D1 =4 ( 1 0- j 550) =4 0- j 2200 (Q) (16) 

*->x. mmLxx3'yhryTi-(ox^y^—fyxz a it. 

Z s = 0. 29 + j 16. 1 (£2) ( 17) 
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+fctt#s»4 6 **I£®$*it#xo >y hry^i-^co 
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*l*E«*4 5 aCOj£4HC(i{SS*i§IE2S4 7 ({ifflftJP 

[0 0 3 3] RFfMSS5*»4>rtfflHI*2 1 
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ffi&ITf*. 1-4 ks XD7b7yft4<O^D7b2 
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Tyr7^c7)^ffl(;4 0Tyr7*^^gg?ircOj23 
*tJtW^&ff«»<0»4S:»i h £ k S S . -e^ 

^46, ryr^k7-5X^isifc»ri,«^^yA' 

- 1 fjffitf)Vdc#±#1-£ i k , y^- 

|BI»Sir*->fc^tttt<^fe4^|»±-f 4 Z k ^T't £ . 
t tz . VdcC0±#*^ <J^, 7r5f- is-JV H S: 
fflV^(fflBj&fiar<»4fcft, X7XV^LTS6*S< 

[00373 xn7bryfttt^^-;P7y 

■c^)«wfis*t3«^^r -y h r >T-nzm&m 

tt**»4ik*^C*4. ItitfiX, ??X-?wmi 

m.<rmmzhtzr>xxuv hryTi-mmi^z, 
fr-oy)$&<ftoz\bmmtz%&. $^>c HitJi 

T if JS 4 a HH<0«^l*fffcflff#-C** k k t 
(3. -y y-f^<0»fN4#fWRfc:xo <y h 
0*TaFtffc«>, ^H^KfeW^St^rS. k^a«* 

[ 0 0 3 8 3 *%HBoa»«5HJ4±IBII*S^JB 
(3RS^§^£i^T'(4^<. *«W<^8S*JaKL*v^ 

vmi,z&^xm«cv%&zMt&zbmffiX'bh. m 

U$±imMcr>BBX'&. Xu-y Y 2 0O»tt£*## 

4V\ Witf, H6(c^4o^R^OXo-yh3 0 
^fflv^T. iJEHSfi^JBkra«fcrtl!Wifls3 1 . m 
mfa3 2ZtiWzteWA3 3. 3 4^IS(t£4o(cL 
Ti4V>. 

[ 0 0 3 9 ] ai<0JSBBR±*<«3&«ofc/l— 7W« 
mn 7 M:ftiT, 07(^1-4 3 ltt<0»*MS 
3 6±(cm*ie'5rttill^coxn y b 3 7 *SBR, mftix 
o-y bryr-7-5rfflV^Tt4v\ f iO^. xn-yb3 
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1 SSf^y^- (Mas) 

3 xs&Kyr (««*a) 

4 xovhrvft (?7x-?m&m 

18 KCffc 

19,36 z$^« mm 

20, 30, 37 *n-yh 

2 1, 3 1 Migft 

22, 32 9mm 

23, 24, 33, 34 

4 7 ffifflffliES (<affiM»^S) 
P ?yX-? 



[02] 



[03] 



[06] 



20 ^ 19 20 



4- 





(8) 



#RJ¥1 0-74 597 




[04] 



[05] 



20 

22 1 21 23 



it 



\ 21 23 



•^ryf-V^ RF 



44- 



43 



45o 



s 

47 




(a) 



(b) 



[09] 



O 0 0 

° ° ©°0 

oC o 
o © o o 

0 °© 0 

° 0 0 0 Oj 

® o o°S 
° ° o 

0 o xs % o 



[083 



,42:S2SSBBtB 




O : Wf- 



41: 7 >T 




(a) 



MOM 



(b) 



(9) 



0-74597 



[010] 

r 

0 

y 



Searching PAJ 



Page 1 of 1 



PATENT ABSTRACTS OF JAPAN 

(1 1)Publication number : 10-074597 
(43)Date of publication of application : 17.03.1998 











(51)lnt.CI. 




H05H 1/46 
C23F 4/00 
HOIL 21/027 
H01L 21/3065 




(21)Application number : 


08-231201 


(71)Applicant 


: PLASMA SYST:KK 


(22)Date of filing : 


30.08.1996 


(72) Inventor : 


NAKAGAMI SHINJI 



r 



(54) PLASMA GENERATING DEVICE AND PLASMA TREATING DEVICE 

(57)Abstract: 

PROBLEM TO BE SOLVED: To prevent the generation 
of impurities and drop in energy efficiency, and uniformly 
treat a large substrate by using plasma generating 
means having a slot antenna and a high frequency 
power source for supplying power to the slot antenna. 
SOLUTION: A chamber 1 is exhausted with a vacuum 
pump 3, oxygen gas is introduced into the chamber 1, 
high frequency is applied to a slot antennas 4 from an 
RF oscillator 5, and plasma P is generated. By forming a 
slot 20 on one conductor plate 19, the antenna 4 is 
formed as if a plurality of antennas are arranged in 
parallel. The shape or dimension of one slot can freely 
be designed and the arrangement or the relative position 
of a plurality of antennas can also freely be designed. By 
utilizing high freedom in the antenna design, since the intensity distribution of an 
electromagnetic field in the chamber 1 is made uniform, the uniformity in plasma density is 
easily controlled, and the larger caliber of the plasma is made possible. Increase in Vdc on 
the surface of the chamber 1 is prevented and the generation of impurities is also prevented. 
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* NOTICES * 

JPO and INPIT are not responsible for any 
damages caused by the use of this translation. 

1 This document has been translated by computer. So the translation may not reflect the 
original precisely. 

2.**** shows the word which can not be translated. 
3.ln the drawings, any words are not translated. 



CLAIMS 

[Claim(s)] 

[Claim 1]A vacuum housing with an internal controllable pressure, and a gas supply means 
which supplies gas in this vacuum housing, In a plasma generator which has a plasma 
generation means which generates plasma by emitting electromagnetic waves in said vacuum 
housing in which gas was introduced, A slot antenna with which said plasma generation 
means formed in a conductor on a dielectric a slot which emits electromagnetic waves, and a 
plasma generator having an RF generator which supplies electric power to this slot antenna. 
[Claim 2]A plasma generator, wherein said slot antenna is designed in the plasma generator 
according to claim 1 using the duality of electromagnetic field between linear antennas. 
[Claim 3]A processing chamber for accommodating a substrate in an inside and processing 
this substrate using plasma, A gas supply means which supplies raw gas in this processing 
chamber, and a plasma generation means which generates plasma by emitting 
electromagnetic waves in said processing chamber where raw gas was introduced, In a 
plasma treatment apparatus which has an exhaust means which exhausts the inside of said 
processing chamber to a desired pressure, A slot antenna with which said plasma generation 
means formed in a conductor on a dielectric a slot which emits electromagnetic waves, and a 
plasma treatment apparatus having an RF generator which supplies electric power to this slot 
antenna. 

[Claim 4]A plasma treatment apparatus characterized by said slot being the shape where the 
ends of a slot were connected in the plasma treatment apparatus according to claim 3. 
[Claim 5]While said two or more slots are formed on said conductor and the feeding point is 
provided in each of an inside conductor of each slot, and an outer conductor in the plasma 
treatment apparatus according to claim 4, A plasma treatment apparatus, wherein a phase 
control means for controlling a feeding phase between each slot is established. 
[Claim 6]A plasma treatment apparatus, wherein said two or more slots are formed on said 



http://vww4.ipdl.inpit.go.jp/cgi-bin/tran_^ 4/23/2008 



JP, 10-074597, A [CLAIMS] 



Page 2 of 2 



conductor in the plasma treatment apparatus according to claim 3. 

[Claim 7]A plasma treatment apparatus dividing with a dielectric in the plasma treatment 

apparatus according to claim 6 between each slot. 



[Translation done.] 
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* NOTICES * 

JPO and INPIT are not responsible for any 
damages caused by the use of this translation. 

1. This document has been translated by computer. So the translation may not reflect the 
original precisely. 

2. **** shows the word which can not be translated. 
3. In the drawings, any words are not translated. 



DETAILED DESCRIPTION 

[Detailed Description of the Invention] 
[0001] 

[Field of the InventionJThis invention about a plasma generator and a plasma treatment 
apparatus especially, It has an inductive-coupling type plasma generator in which high density 
plasma is obtained, and is related with plasma treatment apparatus used by the manufacturing 
process of a semiconductor device, a liquid crystal display, etc., such as a dry etching system 
and an ashing device. 
[0002] 

[Description of the Prior Art]ln the field of plasma treatment apparatus, such as a dry etching 
system, an ashing device, etc. which are used by the manufacturing process of a 
semiconductor device or a liquid crystal display, large caliber-ization of the plasma generated 
in a processing chamber is demanded with enlargement of a treating substrate in recent years. 
On the other hand, the densification of plasma is also demanded in order to secure 
predetermined processing speed, such as an etching rate and an ashing rate, and the 
throughput of a device. Among these, in order to promote the excitation efficiency of plasma 
about the densification of plasma, the method of using high frequency and generating 
inductively coupled plasma (Inductively Coupled Plasma and the following describe it as ICP) 
is adopted. 

[0003JICP mainly sends the high frequency current through the coil for antenna excitation, by 
this, generates an induction field in a vacuum and generates plasma. And although the feature 
is comparatively simple for device structure compared with an ECR (Electron Cyclotron 
Resonance) device, a microwave plasma generator, a magnetron RIE system, etc., it receives, 
It is generating high-density plasma with sufficient homogeneity in a vacuum housing under a 
high vacuum. 
[0004] 
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[Problem(s) to be Solved by the lnvention]When designing the plasma treatment apparatus 
using the above-mentioned ICP, there are the following problems. 

(1) Under high-pressure-force use of problem ICP of localization of plasma density distribution 
depending on antenna shape, distribution of plasma density becomes the form for which it 
depended to distribution of the electromagnetic field given from the outside, i.e., the 
electromagnetic field made by an antenna, strongly. As a gestalt of an antenna, although the 
antenna of single (Single Design) structure is generally used, since only the electromagnetic 
field near the antenna become strong, with this kind of antenna, localization of the plasma 
density distribution for which it depended in the shape of an antenna strongly will take place. 
[0005](2) If the frequency of a high-frequency oscillator is raised in order to raise the excitation 
efficiency of the problem plasma of localization of the spatial distribution of electromagnetic 
field, with the antenna of single structure, the rise of antenna impedance or localization of the 
spatial distribution of the electromagnetic field made with an antenna will take place. On the 
other hand, it intends to be contradictory to large caliber-ization of plasma to shorten antenna 
length, in order to suppress the rise of antenna impedance. And even if it can perform large 
caliber-ization, the spatial heterogeneity of electromagnetic field will cause the heterogeneity of 
plasma density. Therefore, if the problem of the above (1) and (2) is not solved, it becomes 
difficult to realize the plasma treatment apparatus which can process a large-sized substrate 
with sufficient homogeneity. 

[0006](3) With the antenna of the problem single structure of the electrostatic field effect which 
an antenna makes, if an antenna is excited with a high-frequency oscillator, a perpendicularly 
strong vibration electric field (electric field in which direction of an electric field also vibrates on 
the frequency which excites an antenna) will occur to the surface of the metallic conductors 
(copper pipe etc.) which constitute an antenna. An operation (power which can draw near to an 
antenna by the positive/negative of an electric charge and direction of an electric field, or is 
going to be pulled apart) of power works to the plasma which is a charged particle by the 
electric field which an antenna makes on the other hand. Usually, since plasma comprises the 
heavy positive ion and electron in which the mass ratios differ about 1000 times, The 
sensitivity (move rate over the built electric field) to an electric field differs, and In for example, 
the case of comparatively high frequency, such as industrial frequency of 13.56 MHz. Since 
the light electron can fully follow in footsteps on frequency of this level to the heavy ion being 
unable to follow in footsteps of the electric field which vibrates by high frequency, and change 
of a position not appearing, a system of plasma which only an electron reacts to an electric 
field immediately and changes a position is constituted. 

[0007]ln such a case, if the electric field which an antenna makes is parallel to an antenna coil 
side, it is satisfactory, but supposing it is vibrating vertically to an antenna coil side, It will be in 
the state where charge quantity changes between an antenna and plasma synchronizing with 
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vibration of an electric field being drawn by only the electron at an antenna or being pulled 
away. When this state is seen to the order of long time, as shown in drawing 8 , the result to 
which the electron e exists in the antenna 40 (or dielectric 41 which has covered the antenna 
40) neighborhood superfluously on the average is produced, The effect that this superfluous 
electron e lowers relatively low the potential of the dielectric 42 (vacuum housing) surface 
which has separated the antenna 40 and plasma to plasma and earth potentials is induced. 
Since the strong electrostatic field proportional to the reverse cube of the distance r from an 
antenna is specifically made, for example in the case of a linear antenna, strong Vdc will be 
induced. It is defined as "potential of the time average of the vacuum housing side surface of 
dielectrics (quartz etc.) which has separated an antenna and plasma" in Vdc here. 
[0008]Since sputtering on the surface of a vacuum housing of a positive ion arises by 
generating of the above Vdc, the serious problem of the substrate treatment of the vacuum 
housing surface being struck and being generated by the impurity will arise, one of the 
methods of controlling Vdc -- between an antenna and plasma -- a Faraday shield - there is a 
method of inserting a shield. However, since the use of a Faraday shield cannot bring about 
attenuation of the electromagnetic field emitted and cannot supply energy efficiently to plasma, 
it will be a plasma treatment apparatus with bad energy efficiency. 
[0009]ln the above, the problem at the time of designing ICP was explained. The plasma 
treatment apparatus which equipped JP,3-79025,A with the planate coil for making 
electromagnetic field is indicated. This plasma treatment apparatus generates the plasma in 
which inductive coupling was carried out by the electromagnetic field which a planate coil 
makes, and tends to realize equalization of plasma, and densification. However, also in this 
plasma treatment apparatus, the Vdc generating mechanism which the problem of the 
electrostatic field effect of the above (3) described by the way is just applied, and follows 
difficulty on avoiding these problems, such as using a dielectric lens together. 
[0010]This invention was made in order to solve the above-mentioned technical problem, and it 
is ****. The purpose is to provide the plasma treatment apparatus which enabled large-caliber- 
izing of high density plasma, and equalization to a large sized substrate, without problems, 
such as generating and an energy efficiency fall, arising. 

[0011] 

[Means for Solving the Problem]ln order to attain the above-mentioned purpose, the plasma 
generator of this invention according to claim 1, A vacuum housing with an internal controllable 
pressure, and a gas supply means which supplies gas in this vacuum housing, In a plasma 
generator which has a plasma generation means which generates plasma by emitting 
electromagnetic waves in said vacuum housing in which gas was introduced, Said plasma 
generation means has an RF generator which supplies electric power to a slot antenna which 
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formed in a conductor on a dielectric a slot which emits electromagnetic waves, and this slot 
antenna. 

[0012]As for the plasma generator according to claim 2, in the plasma generator according to 
claim 1 , said slot antenna is designed using the duality of electromagnetic field between linear 
antennas. 

[0013]The plasma treatment apparatus of this invention according to claim 3, A processing 
chamber for accommodating a substrate in an inside and processing this substrate using 
plasma, A gas supply means which supplies raw gas in this processing chamber, and a 
plasma generation means which generates plasma by emitting electromagnetic waves in said 
processing chamber where raw gas was introduced, In a plasma treatment apparatus which 
has an exhaust means which exhausts the inside of said processing chamber to a desired 
pressure, it has an RF generator which supplies electric power to a slot antenna with which 
said plasma generation means formed in a conductor on a dielectric a slot which emits 
electromagnetic waves, and this slot antenna. 

[0014]The plasma treatment apparatus according to claim 4 is characterized by said slot being 
the shape where the ends of a slot were connected in the plasma treatment apparatus 
according to claim 3. 

[0015]The plasma treatment apparatus according to claim 5, In the plasma treatment 
apparatus according to claim 4, while said two or more slots were formed on said conductor 
and the feeding point was provided in each of an inside conductor of each slot, and an outer 
conductor, a phase control means for controlling a feeding phase between each slot was 
established. 

[0016]As for the plasma treatment apparatus according to claim 6, in the plasma treatment 
apparatus according to claim 3, said two or more slots were formed on said conductor. 
[0017]The plasma treatment apparatus according to claim 7 was divided with a dielectric in the 
plasma treatment apparatus according to claim 6 between each slot. 
[001 8]A plasma treatment apparatus of this invention tends to apply a slot antenna as a 
plasma generation means, and tends to attain the above-mentioned purpose by employing 
efficiently the characteristic of electromagnetic field which a slot antenna makes, a radiant 
surface of electromagnetic waves which consist of the long and slender slot s (a slot, an 
opening) established on a conductor side, and a feed part as a slot antenna is shown in 
drawing 9 (a) - it comes out. And since it has a dipole antenna (shown in drawing 9 (b)) and 
**** structure which are one of the linear antennas so that it may be expressed to Babinet's 
principle which showed the duality of electromagnetic field, it can ask for the characteristic of a 
slot antenna from the various characteristics of a dipole antenna. The slot s is W«L<=lambda, 

when the length of a slot is set to L and it sets breadth to W (1) 

(lambda: Wavelength of electromagnetic waves) 
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It is made general to provide a slot so that it may become. 

[0019]For example, if an electric field where E d makes an electric field which a dipole antenna 
makes, and H and a slot antenna make a magnetic field is made into E and a magnetic field 

0 s 

is made into H g in order to search for distribution of electromagnetic field which a slot antenna 
makes, From Babinet's principle to E s =Z Q H d — (2) 

H s=( 1/Z 0> E d--( 3 > 

(Z Q =root (mu 0 /epsilon 0 )) 

(However, mu 0 :space-permeability **4pix10 " 7 (Hm" 1 ), epsilon Q : Dielectric-constant-of-vacuum 
**8.854x10" 12 (Fm" 1 )) 

********** j nere f ore jt becomes possible to get to know an electromagnetic field of a slot 
antenna indirectly using (2) and (3) types from an electromagnetic field which a dipole antenna 
makes. 

[0020]First, an electromagnetic field (electric field) which a dipole antenna makes, 
[Equation 1] 

E r° ° 2nE — + — - (4) 



[Equation 2] 

E * A7T n — hr + -2 + 7-h 3 - < 5 > 

* n e o \c r cr \w r / 



[Equation 3] 
E,=0 ---(6) 

(Magnetic field) 
[Equation 4] 

. . . . J(<ut-kr) / \ 
v 4* \cr r 2 J 

[Equation 5] 
H r =H fl=0 ---(8) 

However, the direction of an electromagnetic field becomes like drawing 10 . 

[0021 ]And when it asks for an electromagnetic field which a slot antenna makes from (2) and 
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(3) types (electric field), 
[Equation 6] 



slot dipote J Mq l 0 Lsin5e 





(9) 



[Equation 7] 

slot slot 
E r =E, =0 —(10) 

(Magnetic field) 
[Equation 8] 



[Equation 10] 



It becomes. 

[0022]ln the case of a dipole antenna, an electric field made by this, In the case of a slot 
antenna, it turns out that there is no reverse cube paragraph and influence of an electrostatic 
field does not come out as an electric field shown in (9) and (10) types to one in which 
influence of an electrostatic field dominant as approaching space is very great so that a 
reverse cube paragraph in (4) and (5) types may see. This has suggested that there is no 
combination by an electrostatic field of an antenna which has been a problem by ICP, and 
plasma. 

[0023]Since it is possible to equalize electromagnetic-wave-intensities distribution with 
flexibility (a position of an opening, an effective area product, aperture shape, etc.) which a slot 
opening has when a slot antenna is used, it becomes easy to control the homogeneity of 
plasma density, and correspondence becomes possible also at large caliber-ization of plasma. 
[0024] 
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[Embodiment of the lnvention]Hereafter, the 1 embodiment of this invention is described with 
reference to drawing 1 - drawing 5 . Drawing 1 is a figure showing the composition of the 
plasma treatment apparatus of this embodiment, and, specifically, is an example of the ICP 
ashing device used for resist removal in the manufacturing process of a semiconductor device, 
the numerals 1 in a figure - a vacuum chamber (processing chamber) and 2 0 2 gas supply 

source (gas supply means) and 3 - a vacuum pump (exhaust means) and 4 - a slot antenna 
(plasma generation means) and 5 - a RF oscillator (an RF generator, a plasma generation 
means) and W - a semiconductor wafer (substrate) - it comes out. 
[0025]As shown in drawing 1 , this plasma treatment apparatus The vacuum chamber 1 
(vacuum housing with an internal controllable pressure), The plasma generator which consists 
of the 0 2 gas supply source 2 (gas supply means), the slot antenna 4 (plasma generation 

means), and RF oscillator 5 (an RF generator, a plasma generation means) is included. 
[0026]The exhaust port 8 is established in the lower part of the vacuum chamber 1 which 
consists of the metal upper housings 6 and the lower casing 7, and the vacuum pump 3 is 
connected to the exhaust port 8 via the exhaust pipe 10 provided with the valve 9. And it has 
the composition that the inside of the vacuum chamber 1 is exhausted by several pascals - 
about hundreds of Pa through the exhaust port 8 by the operation of the vacuum pump 3. The 
process treatment stage 1 1 for holding semiconductor wafer W which should be processed is 
formed in the lower part of the vacuum chamber 1 , and the stage rise-and-fall machine 12 for 
adjusting the position (height) of the process treatment stage 1 1 within the vacuum chamber 1 
is installed. 

[0027]The gas inlet 13 is established in the upper part of the vacuum chamber 1, and the 0 2 

gas supply source 2 which consists of an 0 2 gas bomb etc. via the gas introducing pipe 16 

provided with the valves 14 and 15 is connected. And it has the composition that 0 2 gas which 

is the raw gas for resist removal is introduced in the vacuum chamber 1 from this 0 2 gas 

supply source 2. N 2 gas etc. are introduced, in order to connect the purge gas introduction 

pipe 17 in the middle of the gas introducing pipe 16 and to purge the inside of the vacuum 
chamber 1 through this. 

[0028]The slot antenna 4 for emitting electromagnetic waves in the vacuum chamber 1 , and 
exciting and generating the plasma P is installed in the upper part of the vacuum chamber 1. 
As shown in drawing 2 , the slot antenna 4 is formed so that two or more slots 20 and 20 and -- 
may be located in the conductor board 19 formed on the dielectric 18 by turns. In the case of 
this embodiment, each slot 20 serves as the looped shape rectangular shape where the ends 
of the slot instead of a linear shape mere end slot were connected. The slot antenna of this 
gestalt is called a clinch slot antenna. And the clinch slot feed system with which the feeding 
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points 23 and 24 were formed in each of the inside conductor 21 which hits inside each slot 20, 
and the outer conductor 22 which hits outside is taken. 

[0029]As shown in drawing 5 (a) and (b), since it has clinch dipole antenna A Q and **** 

structure, clinch slot antenna A g is called in this way. Clinch dipole antenna A p is defined as 

"the antenna which two or more antennas adjoined extremely in parallel, connected the tip part 
of each other, and supplied electric power in the center in one of these dipoles." When the 
input impedance of Z Q1 and a clinch dipole antenna is made into Z Q2 for the input impedance 

of the usual dipole antenna, it is Z D2 =4Z Q1 approximately.... (14) 

The relation to say is obtained. Therefore, the analysis of a clinch slot antenna can also use 
the analysis of a dipole antenna equivalent. 

[0030]An example of the concrete size of a clinch slot antenna is as follows. For example, if 
the exciting frequency of a slot antenna shall be 300 MHz, it will become the wavelength 
lambda**1 (m). here - the ratio of antenna length, and ratio l/lambda=0.1 of wavelength and 
antenna length to antenna thickness - the case of l/a=60 - input-impedance Z Q1 of a dipole 

antenna - Z D1 **10-j550 (omega) .... (15) 

Therefore, input-impedance Z Q2 [ of a clinch dipole antenna ], and Z D2 =4Z D1 =4(10-j550)=40- 
j2200 (omega) .... (16) 

Therefore, input-impedance Z of a clinch slot antenna and Z **0.29+j16.1 (omega) .... (17) 

s s 

It becomes a grade. From this result, an example of the size of a clinch slot antenna in case an 

antenna exciting frequency is 300 MHz came to be shown in drawing 3 . 

[0031 ]As shown in drawing 1 , the slot antenna 4 is attached among these cases 6 and 7 in the 

state where it was insulated from the metal upper housing 6 and the lower casing 7 with the 

dielectrics 25 and 25. And the matching box 26 and RF oscillator 5 are connected one by one 

at the feeding point 23 by the side of the inside conductor 21 in each slot 20, and the feeding 

point 24 by the side of the outer conductor 22 is grounded with the lower casing 7. It is drawing 

4which showed one gestalt of the feed structure to this slot antenna 4 more to details. 

[0032]As shown in drawing 4 , the box 43 of the box-like conductor is arranged under the inside 

conductor 21 of the slot antenna 4. Below the electromagnetic field emitted from the slot 20 do 

not reach, but are transmitted only up, and this composition enables it to send in 

electromagnetic waves in the vacuum chamber 1 efficiently. And the inside conductor 21 is 

supported by the insulator 44 installed in the pars basilaris ossis occipitalis of the box 43, and 

electric supply is made by the coaxial tubes 45a and 45b following the matching box 26 and 

RF oscillator 5. One of these and the box 43 are grounded. While the distributor 46 is installed 

in the middle of the coaxial tube 45b from RF oscillator 5 and electric supply to each slot 

antenna is performed, in the middle of the coaxial tube 45a connected to each slot antenna, 
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the phase correction machine 47 (phase control means) is connected. This phase correction 
machine 47 is used for amendment of a gap of the feeding phase between each slot antenna 
produced in the case of parallelization of an antenna, and first rank matching adjustment of 
impedance. 

[0033]That is, the feeding phase of the high frequency impressed to the feeding point 23 by the 
side of the inside conductor 21 has composition which can be individually adjusted between 
each slot 20 from RF oscillator 5. Therefore, it is good also as in phase and the phase of each 
slot 20 may be changed intentionally. The matching box 27 for stage bias and RF oscillator 28 
are connected also to the process treatment stage 1 1 one by one. These RF oscillators 5 and 
28 may oscillate high frequency (several MHz - several gigahertz). 

[0034]When using the plasma treatment apparatus of the above-mentioned composition, after 
exhausting the inside of the vacuum chamber 1 to the number mTorr - a number Torr grade 
using the vacuum pump 3, while introducing 0 2 gas, high frequency is impressed to the slot 

antenna 4 from RF oscillator 5. Then, electromagnetic waves are emitted from each slot 20 of 
the slot antenna 4, and the plasma P occurs in the vacuum chamber 1 , When the resist on the 
oxygen radical which was able to dissociate and do 0 2 gas in the plasma P, and 

semiconductor wafer W causes a chemical reaction, resist decomposes and evaporates and is 
removed. 

[0035]The plasma treatment apparatus of this embodiment is having formed two or more slots 
20 and 20 and - on the conductor board 19 of one sheet, and serves as a gestalt which 
carried out parallel arrangement of two or more slot antennas. Therefore, in addition to the 
ability to design freely, the shape and the size of one slot can be freely designed also about 
arrangement and the relative position of two or more slot antennas. Thus, since flexibility when 
designing a slot antenna is enabled to equalize the intensity distribution of the electromagnetic 
field in the vacuum chamber 1 using a high thing, Large caliber-ization of plasma can be 
attained it becoming easy to control the homogeneity's of plasma density, and maintaining the 
homogeneity of plasma density. As a result, according to the plasma treatment apparatus of 
this embodiment, the semiconductor wafer of a large caliber can be processed with sufficient 
homogeneity, and it can be considered as a good plasma treatment apparatus to large-caliber- 
izing. 

[0036]Generating of the electrostatic field which is proportional to the reverse cube of the 
distance r from an antenna by the operation peculiar to a slot antenna which was mentioned 
above can be suppressed by having adopted the slot antenna as an antenna which makes 
electromagnetic field. Therefore, since Vdc of the vacuum chamber 1 surface which exists 
between an antenna and plasma does not go up and sputtering to the vacuum chamber 1 
surface does not arise, generating of the impurity which was a problem of the conventional 
device can be prevented. Since there is no rise of Vdc and it becomes unnecessary to use a 
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Faraday shield, energy can be efficiently supplied to plasma and a plasma treatment 
apparatus with high energy efficiency can be realized. 

[0037]Since a slot antenna has a dipole antenna and **** structure, when analyzing the 
electromagnetic field distribution by a slot antenna, for example, the analysis result in a slot 
antenna can be obtained based on the analysis result in a dipole antenna. Therefore, it 
becomes possible to design a slot antenna easily and efficiently in manufacture of a plasma 
treatment apparatus. In order that the manufacture of a slot antenna may just cut a slot to a 
conductor board while the structure of a device is dramatically easy so that it may understand, 
even if it sees drawing 1 , it also has the advantage that manufacture of a device becomes 
easy. 

[0038]ln the range which is not limited to the above-mentioned embodiment and does not 
deviate from the meaning of this invention, the technical range of this invention can add 
various change. For example, in the above-mentioned embodiment, although shape of the slot 
20 was made into rectangular looped shape, it may replace with this and the thing of other 
gestalten may be used, using the circular slot 30 as shown in drawing 6 -- the above- 
mentioned embodiment - the same - the inside conductor 31 and the outer conductor 32 - it 
is alike, respectively and may be made to form the feeding points 33 and 34 
[0039] It may replace with the slot of the loop shape with which the ends of the slot were 
connected, and as shown in drawing 7 , plurality and the formed slot antenna may be used for 
the linear shape simple slot 37 on the conductor board 36 of one sheet. In that case, the 
feeding points 38 and 38 will be formed in both the sides of the slot 37. When two or more 
slots are established and electric power is only supplied on the conductor board of one sheet, 
a shunt effect shows up depending on using frequency. In this case, the structure of dividing 
with the dielectric 39 between each slot 37 is adopted. 

[0040]And about the arrangement and the number of the slots established on a conductor 
board, it can set up arbitrarily, and the shape and size can be further set up arbitrarily also 
about each slot. It is good also as the composition which did not establish two or more slots on 
the conductor board of one sheet, but provided the slot in two or more independent conductor 
boards, respectively, i.e., composition installed in a device combining two or more slot 
antennas. And a design variation is possible suitably about other components other than the 
slot antenna in a plasma treatment apparatus, and, of course, it is also possible to apply the 
plasma treatment apparatus of this invention not only to an ashing device but to arbitrary 
etching devices etc. 
[0041] 

[Effect of the lnvention]As mentioned above, as explained in detail, according to the plasma 
treatment apparatus of this invention, generating of the electrostatic field in a processing 
chamber can be suppressed by having adopted the slot antenna as a plasma generation 
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means. As a result, since Vdc of the processing chamber case surface does not go up, the 
problem of a device is conventionally [, such as impurity generating and an energy efficiency 
fall, ] cancelable. By adoption of a slot antenna, the intensity distribution of the electromagnetic 
field in a processing chamber can be equalized using the flexibility on a slot antenna design 
being high, for example so that parallel arrangement of two or more slots can be carried out on 
a conductor. Therefore, it becomes easy to control the homogeneity of plasma density, and 
large caliber-ization of plasma can be attained. That is, according to this invention, the 
substrate of a large caliber can be processed with sufficient homogeneity, and it can be 
considered as a suitable plasma treatment apparatus to large-caliber-izing of a treating 
substrate. 



[Translation done.] 
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* NOTICES * 

JPO and INPIT are not responsible for any 
damages caused by the use of this translation. 

IThis document has been translated by computer. So the translation may not reflect the 
original precisely. 

2.**** shows the word which can not be translated. 
3. In the drawings, any words are not translated. 



DESCRIPTION OF DRAWINGS 

[Brief Description of the Drawings] 

[Drawing 1] lt is an outline lineblock diagram showing the plasma treatment apparatus which is 
the 1 embodiment of this invention. 

[Drawing 2] lt is a top view showing the slot antenna of a **** device. 

[Drawing 3] lt is a figure showing an example of the slot size of a **** slot antenna. 

[Drawing 4] lt is an outline lineblock diagram showing the feed structure of a **** slot antenna. 

[Drawing 5] (a) It is a figure showing the **** structure of a clinch dipole antenna and (b) clinch 

slot antenna. 

[Drawing 6] It is a top view showing other examples of slot shape. 

[Drawing 7] lt is a top view showing other examples of a slot antenna. 

[Drawing 8] lt is a figure for explaining the mechanism of the Vdc rise by the electrostatic field 

effect. 

[Drawing 91 (a) It is a figure showing the **** structure of a slot antenna and the (b) dipole 
antenna. 

[Drawing 10 ]lt is a figure showing the direction of the electromagnetic field in a dipole antenna. 
[Description of Notations] 

1 Vacuum chamber (processing chamber) 

2 0 2 gas supply source (gas supply means) 

3 Vacuum pump (exhaust means) 

4 Slot antenna (plasma generation means) 

5 RF oscillator (an RF generator, a plasma generation means) 

18 Dielectric 

19 and 36 Conductor board (conductor) 
20, 30, and 37 Slot 

21 and 31 Inside conductor 
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22 and 32 Outer conductor 

23, 24, 33, and 34 Feeding point 

47 Phase correction machine (phase control means) 

P Plasma 

W Semiconductor wafer (substrate) 



[Translation done.] 
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* NOTICES * 

JPO and INPIT are not responsible for any 
damages caused by the use of this translation. 

LThis document has been translated by computer. So the translation may not reflect the 
original precisely. 

2.**** shows the word which can not be translated. 
3.ln the drawings, any words are not translated. 



DRAWINGS 



[Drawing 2] 
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[Drawing 3] 
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[Drawing 6 ] 
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[Drawing 1] 
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[Drawing 4] 




[Drawing 5] 
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[Drawing 7] 
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[Drawing 8] 
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[Drawing 9] 
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[Drawing 10] 
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[Translation done.] 
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